Background: Studies about asymptomatic norovirus infections have been frequently reported. We aim to assess the global prevalence of asymptomatic infections. Method: We identified publications that included the proportion of asymptomatic norovirus infections by searching in PubMed, Ovid, Scopus, and Web of Science and by screening references from the articles reviewed. The principal summary data were the prevalence of asymptomatic norovirus infection. Random-effect models for meta-analysis were fitted to generate estimates of overall and subgroup prevalence. Findings: Of 81 studies included, asymptomatic norovirus prevalence was estimated at 7% (95% CI: 6%-9%). Africa, Meso America and South America had higher prevalence (15%, 14%, 11%, respectively) while the prevalence in Europe and North America was lower (4%). Prevalence was similar between community and hospital (9%). Prevalence was higher in children (8%) than adults (4%). For food handlers, prevalence was estimated at 3%. In context of outbreaks, prevalence estimated from 15 studies was as high as 18% (95% CI: 10%-30%). Interpretation: This knowledge could have an impact on the development of transmission prevention strategies in the future. The high prevalence indicated asymptomatic individuals must not be overlooked. Outstanding questions: The high prevalence indicated asymptomatic individuals must not be overlooked. Asymptomatic individuals may play an important role in norovirus transmission. This knowledge could have an impact on the development of transmission prevention strategies.
Human noroviruses (NoVs) are the most common cause of acute gastroenteritis and are responsible for substantial morbidity and mortality worldwide [1, 2] . NoV is responsible for 19-21 million illnesses, 1.7-1.9 million outpatient visits, 400,000 emergency department visits, 56,000-71,000 hospitalizations, and 570-800 deaths annually in the United States alone [3] .
Studies about asymptomatic norovirus infections have been frequently reported. However, the mechanism of how NoV results in asymptomatic or symptomatic infection is unclear. The possible reasons for presence of asymptomatic infection may include long-term shedding from a previous symptomatic episode and truly asymptomatic infection due to lack of susceptible factors to symptomatic infection. However, human challenge studies [4] have showed the appearance of truly asymptomatic infection rather than long-term shedding from a previous symptomatic episode. Understanding the prevalence of asymptomatic NoV infection could be important for further studies. Less attention is usually paid to asymptomatic individuals and their environmental contaminants which may facilitate the transmission of norovirus. The understanding of asymptomatic and symptomatic infection would be useful in successfully presenting and applying public health control policy. In 2011, we conducted a study for NoV detection among asymptomatic children from kindergartens and primary schools in Changzhou City, China. The proportion of asymptomatic NoV infection was about 4% [5] . In an Australian research, NoV was not detected in 399 asymptomatic people [6] . In addition, more than 30% of samples from asymptomatic children in South Africa were determined to be NoV positive. The prevalence of asymptomatic NoV infection varied in different studies. In view of this, we aimed to summarize the overall prevalence of asymptomatic NoV infection. We assessed the prevalence by subgroup variables (study designs, geographic groups, objects and settings of study, and definition of asymptomatic infection). In addition, we also estimated prevalence of asymptomatic individuals in outbreak situations.
Methods

Search Strategy and Selection Criteria
We designed two strategies for searching records. First, we identified publications containing the proportion of asymptomatic NoV infections published before October 15, 2017 in PubMed, Ovid, Scopus and Web of Science. According to different search characters in these search engines, different search terms were used. The keywords included: "norovirus*", "Norwalk", "asymptom*", "gastroenter*", "calicivir*", "enteric*", and "entero*". During the stage of full-text screening, relevant references cited by those articles were reviewed for selection. Fig. 1 shows the detailed search process.
Two independent reviewers screened titles and abstracts for preliminary exclusion. Through preliminary screening, articles were excluded if: (1) were not written in English, (2) objects of study were not human, such as mice, non-human primates, (3) researched about special population groups, for example, people living with HIV, (4) Norovirus were not detected with PCR-based methods, and (5) volunteer challenge studies, which were artificially rather than naturally infected.
The full texts of the remaining articles were then screened in detail for eligibility. At this stage, articles were excluded if: (1) had data but did not differentiate between symptomatic and asymptomatic cases, (2) only calculated the whole proportion of calicivirus, and not the proportion of NoV individually, (3) different articles sharing the same data, (4) studies had different purposes such as aimed at duration of NoV shedding among asymptomatic individuals, and (6) review and editorial articles. Though reviews were excluded, references in those texts were screened.
Data Extraction
Our principal summary data were the total number of asymptomatic samples together with the positive number or positive rate. The following data were extracted if provided from articles: author, year of publication, country, total number, positive number, positive rate, study design, setting, object, age, specimen, definition of "asymptomatic", study date, and method used for detection.
Asymptomatic samples were designed to be collected from healthy participants in a cross-sectional study, the control group of a case-control study, or healthy follow-up participants in a cohort study. Therefore, we stratified study designs into three groups. Settings were also stratified into three groups (community, hospital, or other). Age was not grouped because its range varied among these studies. Instead of agestratum, we stratified a group containing children and adults by objects of studies. "Asymptomatic" is considered if a person is a carrier for a disease or infection but experiences no symptoms. There was no consensus among the studies on this definition. Some studies defined "asymptomatic" as healthy persons with no symptoms of gastroenteritis (diarrhea, vomiting, or fever, etc.). Others included people without symptoms of gastroenteritis for at least 1 week prior and more than 3 weeks after the day of stool collection. Finally, in some studies, norovirus was detected in nondiarrheal stool specimens collected from healthy persons, but it was unknown if they had vomiting or other symptoms. We grouped the studies into two categories of asymptomatic: (1) those with either a precise definition of asymptomatic or which did not fulfill a clear symptomatic definition and (2) those without diarrhea. Some studies were conducted in different settings and data were extracted individually.
Statistical Analysis
We used Q-test to provide a test of significance for heterogeneity. Meta-regression was used to examine the impact of subgroup variables on heterogeneity. R 2 -adjust was the percentage of heterogeneity accounted for by the addition of variables into the Meta-regression model as compared to an "empty" model. In other words, it was the percentage of the heterogeneity explained by the subgroup variables. Random-effect models were fitted to generate estimates of overall and subgroups prevalence using the inverse-variance method. To have better statistical properties, the raw proportions were first logittransformed in order to be closer to a normal distribution and whose sampling variance can be better approximated. When the number of NoV positive samples was equal to 0, a value of 1/2 was added for calculation [7] . The test statistics of the individual coefficients in metaregression models were based on methods of R metafor packages [7] . An omnibus test of all the model coefficients is conducted that excludes the intercept. The omnibus test is based on a chi-square distribution with m degrees of freedom (m being the number of coefficients tested). The Knapp and Hartung method [8] is an adjustment to the standard errors of the estimated coefficients, which helps to account for the uncertainty in the estimate of the amount of heterogeneity and leads to different reference distributions. Individual coefficients and confidence intervals are then based on the t-distribution with k-p degrees of freedom, while the omnibus test statistic then uses an F-distribution with m and k-p degrees of freedom (p being the total number of model
Research in context
Evidence before this study
We designed two strategies for searching records. First, we identified publications containing the proportion of asymptomatic NoV infections published before October 15, 2017 in PubMed, Ovid, Scopus and Web of Science. According to different search characters in these search engines, different search terms were used. The keywords include: "norovirus*", "Norwalk", "asymptom*", "gastroenter*", "calicivir*", "enteric*", "entero*". During the stage of full-text screening, relevant references cited by those articles were reviewed for selection. Our principal summary data were the total number of asymptomatic samples together with the positive number or positive rate. The prevalence of asymptomatic NoV infections varied in different studies and ranged from 0 to more than 30%. Some factors had an impact on prevalence, for example, geographic regions.
Added value of this study
Understanding the global prevalence could be the first step for many further studies. For reference of future studies, we did a pooled analysis of global prevalence from 36 countries and assessed prevalence by different subgroups. We calculated that the pooled prevalence of asymptomatic NoV infection is about 7% and varies depending on different countries, settings and objects of study, and the pooled prevalence in context of outbreak exposures is as high as 18%.
Implications of all the available evidence
The high prevalence indicated asymptomatic individuals must not be overlooked. Asymptomatic individuals may play an important role in NoV transmission. This knowledge could have an impact on the development of transmission prevention strategies. coefficients). All analysis and plots were run with R software and the metafor package and rworldmap package (for world map) [7, 9] .
Role of the Funding Source
The funder of the study had no role in study design, data collection, data analysis, data interpretation, or writing of the report. The corresponding author had full access to all the data in the study and had final responsibility for the decision to submit for publication.
Results
853 studies were identified through initial searching. Of these, 466 were then reviewed by their titles and abstracts, and 329 were excluded. We assessed the remaining 137 full-text articles for eligibility, and 57 of them were excluded because they did not fulfill inclusion criteria such as lacking pertinent information or were conducted for other aims. Twenty six references were added while reviewing those 137 full-text articles with the selection criterion being cited by articles to show prevalence of asymptomatic infection. One of these 26 references was included and the other 25 references either had been included in previous selections or did not meet the inclusion criteria. Finally, 81 studies were included for analysis (Fig. 1) , and of these, 15 were under outbreaks circumstances while 71 were not. Because 5 studies reported more than one result, the number of stratum-specific studies for analysis did not sum up to the overall number.
Asymptomatic individuals mainly were from: (1) cross-sectional studies, (2) case-control studies control group, and (3) cohort studies. The numbers of studies with these three designs were 33, 21, and 17, respectively. Studies were selected from 36 countries (Fig. 2) . More studies were from China (9), Brazil (7), United States (6), South Korea and Japan (5) with 95% confidence intervals in the individual studies based on a random-effects model with studies ordered by prevalence. A line was used to represent the confidence interval of estimate. The prevalence estimated was marked with a solid black square. The size of the square represented the weight that the corresponding study exerted in the meta-analysis. The size of the square and the length of confidence interval corresponded to the size of the study and therefore the precision of the estimate. The pooled prevalence was marked with a filled polygon that had a dotted line from its upper point. Confidence intervals of pooled estimates were displayed as the width of the polygon. N was the number of NoV positive samples, value of 1/2 was added to N for calculation when N was equal to 0.
Zealand, both of which had only 1 study included. One study conducted in eight countries was not stratified data by countries due to incomplete information, and instead it was reviewed as a whole study. The number of communities (30) and hospitals (26) where studies were conducted was similar. Subjects of most studies were children (56) , and only eight articles studied prevalence of adults, with five of eight focused on food handlers. Most of these studies had a definition of "asymptomatic" (or not fulfilling a defined case definition), while nineteen studies only included individuals who were without diarrhea as research objects. "Asymptomatic" was referred to but not defined in eleven studies. Among studies which had information about genotypes, about 80% (922/1157) of asymptomatic individuals were GII and 20% (235/1157) were GI. Of 71 studies, asymptomatic NoV prevalence was estimated by random-effect model at 7% (95% CI: 6%-9%, τ 2 = 0.60, P b 0.01 test for heterogeneity) (Fig. 3) . The sources of heterogeneity may be due to many factors such as study design, population, etc. Results of metaregressions showed that heterogeneity was 7.53%, 8.16%, 18.10%, 17.41% and 11.13%, respectively for 5 subgroups variables (designs, environment, objects, geographic regions, and definition of "asymptomatic"). By design, prevalence from the control group (7%) in casecontrol studies was similar with that from cross-sectional studies (5%) (P = 0.51), but was higher (11%) from cohort studies than from crosssectional studies (P = 0.05). By geographic regions, Africa, Meso America and South America had higher prevalence (15%, 14%, 11%, respectively) while the prevalence in Europe and North America was lower (4%). By environmental settings, prevalence was about 9% in both the community and hospital (P = 0.66). Prevalence was higher in children (8%) than adults (4%) (P = 0.07). For food handlers, prevalence was estimated at 3%, which was similar with prevalence in adults.
Studies that provided a clear definition of "asymptomatic" (or not fulfilling a clear case definition) had a prevalence of 7%, which was not significantly different from prevalence of studies that only allowed individuals without diarrhea for enrollment (9%) (Results with confidence bounds were shown in Fig. 4) . In the 15 studies where asymptomatic individuals were exposed under outbreak circumstances, pooled prevalence of infection was 18% (95% CI: 10%-30%, τ 2 = 1.42, P b 0.01 test for heterogeneity) (Fig. 5 ).
Settings where outbreaks occurred included: care facilities, catering services, hotels, schools, hospitals, and cruise ships. Transmission pathways included: person to person, foodborne, waterborne, and environment (Data not shown).
Discussion
Noroviruses are commonly detected in asymptomatic individuals with possible reasons including pre/post-symptomatic long-term shedding, and true asymptomatic infection due to lack of susceptible factors to symptomatic infection. In a human challenge study [4] , samples from pre-challenge and post-challenge days were tested for NoV shedding. First, this experiment resulted in the appearance of asymptomatic volunteers. Second, asymptomatic and symptomatic volunteers had a similar shedding pattern (viral load, duration of shedding). Another study of a large population for NoV shedding also indicated that shedding in asymptomatic subjects was similar to symptomatic subjects [10] . Many studies reported that NoV bound to histo-blood group antigens (HBGA), which were expressed by the fucosyltransferase 2 (FUT2) gene. Individuals with a functional FUT2 gene were termed "secretors". A systematic review [11] of association between HBGA and susceptibility showed that secretors were about 2-10 times more likely to be infected than non-secretors. HBGA had been reported to play a role as cellular receptors for NoV attachment [1] . In this view, asymptomatic infection may not only result from pre/post-symptomatic shedding. Similar norovirus shedding patterns between symptomatic and asymptomatic individuals in conjunction with lesser attention usually paid to asymptomatic individuals may facilitate the transmission of norovirus. Fig. 4 . Results of pooled prevalence by subgroup. (n = number of studies in this subgroup). The figure showed pooled prevalence with 95% confidence intervals in the individual subgroups based on random-effects models. Black polygon was the estimated prevalence in the individual subgroups. The width of the polygon represented confidence interval of pooled estimate. Because some studies reported different results of strata, the number of stratum-specific studies for analysis didn't sum up to the overall number. The overall pooled estimate was added for comparison by a polygon that had a dotted line. For all subgroups, P-values of tests for heterogeneity were b0.01. The sources of heterogeneity of prevalence studies were due to many factors, significant heterogeneities of subgroups divided respectively by each factor were still existed.
In practice, estimates of prevalence of asymptomatic NoV infections are affected by study design, settings, population, the distinction between symptomatic and asymptomatic individuals and other factors. Based on the 71 studies in our analysis, prevalence of asymptomatic NoV infection was 7%. The same result was obtained in another study in which prevalence was estimated from 20 studies [12] , where asymptomatic individuals were only from control groups matched with cases in case-control studies. Studies with this design also met our study inclusion criteria, and our result in this design was also 7%. Beyond that, our studies included another two designs of studies. Prevalence was higher in cohort studies, and the proportion was calculated as the sum of several specimens collected from each individual divided by total number of positive individuals. Cohort studies might be a source of heterogeneity because detection of NoV in their stool may be shedding from a previously symptomatic infection. Information on the length of follow up or interval between previous reports of symptoms and sample collection was rarely given in texts. Norovirus prevalence tended to be higher in cases of acute gastroenteritis compared with asymptomatic infection. A pooled prevalence of norovirus in 187,336 patients with acute gastroenteritis from 175 articles was as high as 18% (95% CI 17-20) [12] . The high prevalence of symptomatic and asymptomatic norovirus infection showed that this pathogen brought heavy burdens and targeted control programs were needed for norovirus prevention.
We noted the same prevalence from community and hospital. Generally, prevalence of symptomatic infections in hospitals might be regarded as higher than in the community, but for asymptomatic infection, it cannot be known as the ranges of case-matched control for inclusion were not defined clearly in the studies. A few articles enrolled control individuals who were attending outpatient for routine health checks or conditions unrelated to gastroenteritis [13] . These individuals in this kind of control group had the same characteristics as those in the community. Prevalence in children was higher, suggesting that asymptomatic infection was likely associated with immunity because children have lower resistance to illness than adults [14] . One important mode of NoV infection was via contaminated food. NoV was considered in the United States the leading known foodborne agent, accounting for over 50% of foodborne illnesses annually [15] . Foodborne transmission was significant in NoV outbreaks [16] . The estimation of food handlers' asymptomatic infection from five studies was 3% with a 95% CI: 1%-7%. Due to the lower prevalence, food handlers are not suspected to be susceptible population for asymptomatic infections. In our selected studies, there was one study which was conducted in eight countries: Bangladesh, Brazil, Pakistan, Peru, South Africa, Tanzania, Nepal, and India [17] . The conclusion about asymptomatic infection in the previous study was 19%, ranging from 2.2% in Nepal to 30.4% in South Africa. Their study population was only infants aged 0-2 years old from lowand middle-income countries, which was a possible reason for the high prevalence as children are more susceptible for NoV [14] and norovirus is spread by the fecal oral route, suggesting age and hygiene status might be factors associated with norovirus infections. Due to the lack of data stratified by countries in this study, we did not include it in subgroup analysis by geographic regions. A recent study [18] generated a pooled estimate of the prevalence of asymptomatic norovirus infection from 13 articles centered in Latin America. The prevalence they estimated was 8% (95% CI: 4-13) which was similar with our result. One cause of this small variation may be because we included more articles (14 from South America and 5 from Meso America), and that their data were collected only between 1989 and 2012.
As we hypothesized, asymptomatic prevalence (18%) was much higher in the context of outbreaks than in healthy individuals not known to be in contact with other infected symptomatic people. More data with outbreak of norovirus would be needed in the future for better analysis.
Our study has some limitations. First, older adults were vulnerable to gastroenteritis [19] , but there were not enough articles available for inclusion to have a stratified analysis for elderly people. Age, an important factor to NoV, could not be grouped into categories as ranges in studies were highly varied, even though we tried different ways. Other possible factors which could have an impact on prevalence were not considered, for example, seasonality. A few studies reported different prevalence of asymptomatic NoV infection by seasons [20, 21] . Many of our studies involved an extended span of time making it difficult to distinguishably estimate the pattern of seasonality. In addition, we calculated the proportion of genotypes of asymptomatic NoV cases from articles having this information. About 80% (922/1157) were GII and 20% (235/1157) were GI. From theses proportions, we could not say that GII was the major genotype associated with asymptomatic infection as determining the association between genotypes and asymptomatic cases requires minimum proportion of genotypes of symptomatic NoV cases. Although 80% of infections were GII in asymptomatic cases, symptomatic human norovirus infections were also caused mostly by GII. More evidences are needed to explore the associations between genotype and asymptomatic cases. Finally, Q test for heterogeneity in models was highly significant, suggesting that other factors that were not considered might have had remarkable effects on asymptomatic prevalence.
RE Model
In conclusion, the prevalence of asymptomatic NoV infection estimated through meta-analysis is 7% and varies depending on different countries, settings and objects of study. The prevalence in context of outbreak exposure is as high as 18%. The high prevalence indicated asymptomatic individuals must not be overlooked. Asymptomatic individuals may play an important role in NoV transmission. This knowledge could have an impact on the development of transmission prevention strategies. More work will be needed to better understand and interpret the presence of asymptomatic infection and the roles it plays in NoV transmission.
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